Background: A century ago anthrax was a continuing health risk in the town of Kidderminster. The distribution of cases in people and in animals provides an indication of the routes by which spores were disseminated. The response to these cases provides an insight into attitudes to an occupational and environmental risk at the time and can be compared with responses in more recent times. Aims: To assess the distribution of anthrax cases associated with the use of contaminated wool and to review the response to them. Methods: The area studied was Kidderminster, Worcestershire, England, from 1900 to 1914. Data sources were national records of the Factory Inspectorate and local records from the infirmary, Medical Officer of Health and inquest reports, and county agricultural records, supplemented by contemporary and later review articles. Case reports and summary data were analysed, and discussions and actions taken to improve precautions reviewed.
A nthrax was endemic in Middle Eastern flocks one hundred years ago. Bales of contaminated wool were imported into England and these led to cases of anthrax which were recognised in the wool towns of West Yorkshire from the 1880s. 1 Precautions involving downdraft ventilation and segregation of areas where these bales were opened were introduced and became a regulatory requirement in 1897. 2 Kidderminster in Worcestershire (Borough population 1901 and 1911 about 28 000) specialised in carpet weaving but also had a wool spinning industry. 3 4 There is some evidence that not all the wool spun in the town was used there and it is certain that much spun yarn was brought in from other areas to use in carpet weaving. At the turn of the century Kidderminster had the highest incidence of anthrax per 1000 wool workers in the country: 1.6 for the five years 1899-1904 compared with a national industry average of 0.3. 5 Several sources of information on anthrax in Kidderminster during this period are available. These include The Chief Inspector of Factories Annual Reports (FI), 6 local council minutes, 7 Medical Officer of Health reports (MOH), 8 and County Council papers on farm infections. 9 10 Kidderminster Infirmary annual reports 11 provide a useful independent verification of the number of cases. Local papers carry detailed inquest reports [12] [13] [14] [15] and associated commentary. The 1905 Milroy lectures 16 given by Thomas Legge, the Medical Inspector of Factories, place the Kidderminster cases in a wider context. 17 This study is based on these sources. Complementary reports are in preparation, which will cover aspects such as the outbreaks in animals, attitudes to responsibility for the risk, and the relationships between the various parties involved in risk management. Table 1 provides a summary of the recorded cases of anthrax in Kidderminster. The information is incomplete for the early years. Discrepancies between sources arise from the limited number of occupations for which notification of cases to the Factory Inspectorate was required. As the Inspectorate records improved, the detail in Medical Officer of Health reports became more limited. The highest incidence of both cases and fatalities was in 1903. Cases continued thereafter but fatal cases were rare. Several groups of people were infected but cases were most frequent in those working in spinning mills, especially at the early stages of the process where raw wool was handled.
THE CASES
Several animal outbreaks on the Corporation sewage farm were investigated. Cases in animals also occurred on farms around Kidderminster that used shoddy (wool waste), which could be contaminated with anthrax, as a fertiliser.
THE SOURCE OF INFECTION
Bales of wool arrived mainly by rail, and were distributed to spinning mills by dray, where they were opened. The fleeces were unpacked, washed, carded, and then spun. Wool from a range of countries was used, but Persian wool caused particular problems. This is confirmed by a circular letter from British users to the consignors of Persian wool, urging them ''to keep out of bales extraneous matter, and secondly to pack locks, fallen wool (that from dead sheep) and skin in separate bales''. 18 At this stage the bacteriology of the wools from various sources had not been investigated. Of 88 UK anthrax cases in the wool industry before 1905 with records of exposure, 29 handled Persian (Baghdad) wool; only two handled native, colonial, or East Indian wool; eight were indefinite; and the rest handled other wools of known high risk such as alpaca and mohair. 19 Later studies confirmed that the frequency of bacterial isolation aligned with the distribution of cases, that wool from dead sheep was a particularly high risk, and that blood clots and skin fragments in the wool were common sites for bacilli. 20 
WHO BECAME INFECTED
Occupational descriptions were not standardised and while there is detailed information on some cases, especially where an inquest took place, it is limited in others. Thirty of 36 cases had recorded occupations (table 1). The 1901 census results for the county can be extrapolated to Kidderminster Borough and provide an approximate estimate of numbers in each main group, but they will be underestimates for the population at risk where, as in wool preparation, unskilled labourers are present in significant numbers: N Eleven worked in the wool reception areas as sorters, washers, or labourers, although one was in a wool warehouse which had not contained Persian wool for over a year (wool sorters and wool combers c.70 employed + uncertain number of labourers). -one drayman who carried wool to mills but had not apparently handled Persian wool for three weeks prior to death -one each of horse slaughterer, machine oiler (location not specified), brewer's traveller -two stokers (location not specified) -two wool sorters' wives.
(Kidderminster-non-textile workers over 10 years of age, occupied and unoccupied c.14 000) Plausible routes of exposure exist for the drayman, wool sorters' wives, and for the two stokers-as dust and contaminated wool were incinerated. The routes of exposure for the other cases are unknown but could be either via family contacts or related to contact with infected animals.
There was a low background incidence of anthrax among farm animals in Worcestershire, but certain outbreaks were firmly attributed to wool waste. Animal cases were sometimes recorded by number of beasts affected but, particularly in the case of pigs and sheep, this is not noted and so a consistent tally cannot be made. 9 10 22 23 Thus although a large proportion of cases were in the relatively small groups of workers with exposure to unprocessed wool from freshly opened bales, there were cases elsewhere. These may have arisen from external contamination on bales, carry over of bacilli with part processed wool, airborne distribution of bacilli and spores, transfer on clothing, and possibly also secondary to cases in animals infected from wool waste. It is not possible to calculate reliable incidence rates as population denominators are not uniformly available.
PRECAUTIONS
The most detailed information on precautions comes from the four inquests in November 1902, 9 March 1903 10 (on two deaths), and November 1903. 11 At this time all mills were working under the 1897 Special Rules, which required separate rooms for opening bales of high risk wools and tables with downdraught ventilation to reduce airborne spread of dust and hence bacilli. Key deficiencies identified were:
(1) Little information on risks available to workers and lack of awareness of early signs of cutaneous ''malignant pustule''. An attitude bordering on denial about harm from work in those workers who were at risk. The mill owners largely escaped criticism by appearing contrite and agreeing to remedy defects, as did the doctors for delays in diagnosis. Much of the blame was directed at supervisors for laxness and at the workers themselves for failures of self care or speedy recourse to medical advice. The Factory Inspectorate acted as an investigative questioner as well as being a witness, and the adequacy of their Special Rules or their inspection and enforcement action was not an issue.
ACTION FOLLOWING THE 1903 DEATHS
There was press coverage locally and some in Yorkshire newspapers. 24 In 25 Yet use did continue for many years! The town clerk wrote to all spinning mills on the advice of the MOH, requiring them to contain and burn waste and not to sell it for spreading on the land or blow it into the atmosphere. 26 This was one of several measures adopted, which also included banning grazing on the sewage farm and certain infected pastures. Their introduction followed a tense meeting of Worcestershire farmers, attended by an inspector from the Board of Agriculture, at which the desirability of ceasing to use potentially infected wools was raised but deemed to be unachievable. 27 28 Soon afterwards treatment was dramatically improved by the introduction of an antiserum, first produced by Sclavo in Siena. This was regularly used at Kidderminster Infirmary and greatly improved prognosis, speeding recovery and reducing the death rate from cutaneous anthrax markedly. 29 30 It also lessened the need for the grossly disfiguring facial surgery often required to excise a skin lesion. In 1905 draft regulations were introduced by the Factory Department which extended the area covered by the 1897 Special Rules.
Awareness among workers was increased by a Factory Department poster, the first of its kind, which showed pictures of the early stages of cutaneous anthrax, with the advice to seek immediate medical attention. 31 There is no information to show whether the speed of diagnosis improved, but it is noteworthy that the only fatal case in Kidderminster between 1903 and 1914 was in someone with internal anthrax in whom the diagnosis was delayed. The inquest on this case said little about prevention, but concentrated on treatment and whether the deceased could have been saved by serum if it had been given at an early stage.
In the event contaminated wools continued to be used. With more effective treatment and possibly unrecorded improvements in work practice there seems to have been a local acceptance that a few cases of anthrax each year for many more years were the price to be paid for spinning high risk wools. The inadequacy of prevention nationally was recognised by the Factory Department and there was a major inquiry in 1914, although the war delayed publication until four years later.
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DISCUSSION
The pattern of anthrax in Kidderminster during the period studied shows the distribution of cases when packages naturally contaminated with the bacillus are delivered and opened with some rather limited precautions and little attention to the details of work practice or to early identification of ill health. It also indicates the scope for spread and some of the routes by which this occurred (fig 1) . The relatively low key response to these cases is in line with attitudes to occupational ill health at the time. It has to be remembered that infectious illness was then far more common and took a greater toll. In 1903, the peak year for anthrax, Kidderminster also had five cases of smallpox, one fatal, 33 and an epidemic of scarlet fever which, at its peak, led to 87 cases in the local infirmary. 34 Both the nature of contamination and the response to it in Kidderminster differed from that in recent US outbreaks. Anthrax was present in large volumes of a raw material deemed essential to the prosperity of the town, with the possibility of inhalation, but the major risk being skin contamination from bacilli and spores contained within blood clots and skin fragments associated with the wool. The virulence of the bacillus would depend on prevailing strains in the countries of origin of the wool while the frequency of contamination would be governed by its epidemic status in their flocks. The resistance of the bacillus and its spores meant that, wherever infective material had been deposited, there was a continuing risk, although it would be in proportion to the amount and to the scope for inhalation, ingestion, or contact with damaged skin. The concentration of cases in high exposure areas with a tail of cases where exposure was lower is noteworthy. The cases in both humans and animals where contaminated waste was present, as well as some cases where the source cannot be identified or where contaminated materials had not been used for some while, confirms the potential for persistence and widespread dissemination.
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